Cantharellus miomboensis is a new basidiomycete fungus recently found in Miombo woodlands in Tanzania. In this study, crude extract was prepared from fruiting bodies of C. miomboensis and was in vitro screened for its cytotoxicity using Tetrazolium salt (3-(4,5-dimethlthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) in human cell lines namely; Hepatocellular carcinoma (HepG2), Human non-small cell lung carcinoma (H157) and Human colon adenocarcinoma (HT.29). Thereafter, pro-apoptotic effects were determined using biochemical changes in apoptotic cells. These included externalization of phospholipid phosphatidylserine (PS) using APO Percentage dye by flow cytometry and depolarization of mitochondrial membrane potential using Tetramethyl rhodamine ethyl ester perchlorate (TMRE) assay. The test extract was found to induce dose dependent PS externalization on human cell lines when treated with various concentrations (1 -5 mg/ml) and completely depolarized the mitochondrial membrane potential after 6 hours on HepG2 cell line. When the extract was examined for ROS production using 2',7'-dichlorofluorescin diacetate (DCFH-DA) staining, there was no ROS generation found in HepG2 cells. It is therefore concluded that C. miomboensis extract is able to induce apoptosis in HepG2 cells and PS externalization and loss of mitochondrial membrane potential in HepG2 cells appear to be independent of ROS production.
INTRODUCTION
Cantharellus miomboensis is basidiomycete mushroom isolate found in miombo woodlands in Tanzania (Tibuhwa, 2009) . C. miomboensis is a mycorrhizae fungus and grows only as a symbiont with miombo plants. On the one hand, human consumption of basidiomycete mushrooms has been done for many years and in many parts of the world for dietary and therapeutic purposes. Furthermore, mushrooms are used against physical and mental stress, gastric ulcers, as antioxidants, antimutagenic and as stimulatory of immunity (Asatian et al., 2007; Bruggemann et al., 2006; Yang et al., 2006; Daba and Ezeronye, 2003) . The use of mushrooms in the fight against different diseases has been reported in China, Japan, Korea, Russia, USA and Canada (Yang et al., 2006) . Mushrooms have also been frequently used in traditional medicine in the form of tea and food (Daba and Uzeronye, 2003) .
Antitumor and immunomodulating activities have also been demonstrated from mushrooms such as Pleurotus ostreatus and Boletus edulis (Chen et al., 2007) . On the other hand, many forms of human cancer diseases are still without cure, and the search for anticancer drugs continues to be the focus of many biomedical and pharmaceutical researchers (Joyce et al., 2001) . Cancer is manifested by the uncontrollable growth of cells (tumours) and amongst the various avenues being investigated to tackle cancer cell growth is the induction of apoptosis (also known as programmed cell death). The relationship between apoptosis and cancer has been emphasized with increasing evidence suggesting that the related processes of neoplastic transformation, progression and metastasis involve alteration of normal apoptotic pathways (Sreedhar and Csermely, 2004; Bold et al., 1997) . During cancer development, various imbalances can arise in the apoptotic machine. Consequently, sensitivity towards apoptosis is progressively reduced which ultimately leads to inappropriate cell survival and malignant progression (Estelle, 2007; Dickson, 1998) .
It is known that many chemotherapeutic agents reported exert their antitumor effects by inducing apoptosis in cancer cells (Cande et al., 2002) . Studies have shown that induction of apoptosis contributes to anticarcinogenic effects of naturally occurring chemopreventive agents (Chen et al., 2007) . It is now estimated that more than 1000 different phytochemicals possess chemopreventive activities (Zhang and Demain, 2005) . Emerging evidence also demonstrate increased apoptosis of human malignant tumor cells in the presence of certain chemotherapeutic agents (Demain and Fang, 2000; Demain, 1999) .
Despite the search for pro-apoptotic compounds from various sources such as plants (Masoko and Eloff, 2007; Wiyakrutta, et al., 2004) , bacteria (Lam, 2006; Robinson, et al., 2001) there are no reported studies yet from Tanzania.
Therefore, this paper reports on the ability of ethyl acetate crude extract from C. miomboensis to induce early apoptosis and reactive oxygen species (ROS) production in human cancer cell lines.
MATERIALS AND METHODS Preparation of crude extract
Fruiting bodies of C. miomboensis were collected from Miombo woodlands located in Tabora region, Western Tanzania. The collection was done by hand and the fungi were put into a small basket and brought to the laboratory for identification by a mushroom taxonomist. The specimens were then cut into small pieces and sun dried for three days. The dried materials were then pulverized using a national super mixer grinder (MX-119) (Emerging planet India Ltd., Coimbatore 641011, India). About 200 g of the powder material were extracted by maceration in 99% ethyl acetate. The ethylacetate crude extract was then concentrated in vacuo using a rotary evaporator (HEIDOLPH ® . Essex Scientific laboratory suppliers Ltd) with the bath temperature maintained at 40 o C as previously described by Muir et al. (2002) . The organic extract obtained was kept in a refrigerator at 4 o C until further use.
Cancer cell lines and their culture
Hepatocellular carcinoma (HepG2), Human non-small lung cell Carcinoma (H157) and Human colon adenocarcinoma (HT.29) cell lines were obtained from culture collection Biochemistry laboratory, Department of Biotechnology, University of the Western Cape, Cape Town, South Africa. A vial of frozen cultured cells was taken from the -150 o C freezer. Cells were quickly thawed in a water bath set at 37 o C, until a small amount of ice remained in the vial. The vial was taken to the class II safety cabinet. The cells were then tipped into 25 cm 2 tissue culture flask containing prewarmed appropriate culture media, Dulbecco's Modified Eagle Medium (DMEM). The culture media was supplemented with 10% Fetal Bovine Serum (FBS) and streptomycin/ penicillin (PS) was added at a concentration of 1 µg/ml. The flasks were properly labeled and incubated at 37 o C, 5% CO 2 humidified incubator for 24 hr. The cells were then checked under inverted microscope for bacterial and fungal contamination and whether they had reached confluent. The confluent cells were washed with phosphate buffer saline (PBS) without Ca2+/Mg2+ and trypsinized with 1% trypsin. Upon addition of trypsin, the cells were incubated for 1 to 2 minutes. Trypsinization was stopped by addition of media containing FBS. The cells were centrifuged and resuspended in trypsin free media.
MTT cytotoxicity assay of C. miomboensis extract
The HepG2, H157 and HT.29 mammalian cell lines was used to evaluate the dose response relationships of the crude extract. The cell monolayers in exponential growth were harvested using 1% trypsin. Cells were seeded to 96-well plate at a density of 1 x 10 4 cells per 100 µl medium and incubated for 24 hr at 37 o C in a humidified atmosphere of 5% CO 2 . After incubation time, the medium was replaced by extract concentrations ranging from 1 -5 mg/ml and 50 µg/ml of camptothecin as a positive control. After treatment, 10 µl of the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) dissolved in PBS at concentration of 5 mg/ml was added to each of the microplate well and incubated for 4 h at 37 o C in a humidified atmosphere of 5% CO 2 . At the end of the incubation period, the media were discarded and 100 µl of dimethyl sulfoxide (DMSO) added into each well to solubilize formazan crystals. The culture plates were shaken for 5 minutes and optical densities were read at 560 nm in a Labsystems 
Flow cytometric analysis of apoptosis
The cells were cultured in a 24 -well plate when they reached 90% confluence, were treated with extract concentrations ranging from 1 -5 mg/ml, 50 µg/ml of camptothecin as a positive control and incubated for 24 hr at 37 o C in a humidified atmosphere of 5% CO 2 . Untreated cells were used as negative control. After incubation, the cells were washed twice with PBS to remove the dead cells. They then treated with 1% trypsin and incubated at 37 o C for 2 minutes until the cells started to detach from the plate surface. 1ml of media was added to each well to stop trypsinization and suspend the cell in the solution. Cells then centrifuged for 5 minutes and the supernatant were discarded. The pellet was resuspended with 200 µl of the Apo dye. The APOPercentage TM dye was prepared by adding 9.5 ml DMEM media to 0.5 ml of the APOPercentage TM dye. The cells were incubated for 30 minutes at 37 o C in a humidified atmosphere of 5% CO 2 then washed in 2 ml of PBS and centrifuged for 5 minutes. A volume of 250 µl of PBS was added to the pellet and transferred into FACS tube. The cells were then analyzed for dye uptake using FACS (BD Biosciences) instrument. The dye fluorescence was measured by using the FL 2 channels. A minimum of 10,000 cells per sample was acquired and analyzed using CELLQuest PRO software (Biocolor, 2004) .
Measurement of mitochondria membrane potential (∆ψ) using TMRE
Cells were seeded at a density of 2.5x10 4 cells per ml in 24 well culture plates and incubated at 37 o C in a humidified atmosphere of 5% CO 2 for 24 hr. The culture media was then removed and replaced with media containing 3 mg/ml of fungal extract and 50 µg/ml of camptothecin as a positive control. Untreated cells were used as negative control. The cells were incubated for 30 minutes, 1 hr, 2 hr, 4 hr and 6 hr in a humidified 5% CO 2 incubator. Thereafter, the cells were gently washed once with 1 ml PBS. The cells were then trypsinized with 0.5 ml of 0.125% trypsin, and incubated for 5 -10 minutes at 37 o C in a humidified atmosphere of 5% CO 2 incubator. When the cells were detached, they were transferred into 15 ml tubes and centrifuged for 5 minutes at 3000xg. The pellet was washed twice with 1 ml cold PBS and resuspended in 1x binding buffer at concentration of 1.0x10 6 cells per ml. A volume of 100 µl of cell suspension was transferred into a 15 ml FACS tube and stained with 1 ml of Tetramethyl rhodamine ethyl ester perchlorate (TMRE) and incubated for 30 minutes at room temperature in the dark. TMRE was reconstituted in DMSO to make a stock solution of 50 mM. The cells were then acquired and analyzed on a FACSCan™ (Becton Dickson) instrument equipped with a 488 nm Argon Laser as a light source. Acquisition was done by setting the Forward scatter (FCS) and side scatter (SSC) on log dot plot to differentiate population of cells and cellular debris. On a linear histogram dot plot, TMRE (FL-1 channel) was measured against relative cell numbers. Negative control cells were used to set the cells in the negative quadrant before all samples were acquired. A minimum of 10,000 cells per sample was acquired and analyzed using CELLQUEST pro-software.
Measurement of reactive oxygen species (ROS) production
Cells were seeded at a density of 2.5x10 4 cells per ml in 24 well culture plates and were incubated at 37 o C in a humidified atmosphere of 5% CO 2 for 24 hr. The culture media was then removed and replaced with media containing 3 mg/ml of fungal extract and 50 µg/ml of camptothecin as a positive control. Untreated cells were used as negative control. The cells were incubated, in a humidified 5% CO 2 incubator. They were then gently washed once with 1 ml PBS. They were trypsinized with 0.5 ml of 0.125% trypsin, and incubated for 5 -10 minutes at 37 o C in a humidified atmosphere of 5% CO 2 incubator. When the cells were detached, 0.5 ml of complete culture media was added to the cells to stop trypsinization, transferred into 15 ml tubes and centrifuged for 5 minutes at 3000xg. The pellet was washed twice with 1ml cold PBS. The cells were then transferred into a 15 ml FACS tube and stained with 350 µl of 2',7'-dichlorofluorescin diacetate (DCFH-DA), and incubated for 30 minutes at room temperature in the dark. After incubation, the cells were acquired and analyzed on a FACSCan™ (Becton Dickson) instrument equipped with a 488 nm Argon Laser as a light source using FL 2 channel. A minimum of 10,000 cells per sample was acquired and analyzed using CELLQUEST pro-software.
RESULTS

MTT cytotoxicity assay of C. miomboensis
MTT Cytotoxicity assay indicates that C. miomboensis caused inhibition of cell proliferation to the three different cell lines tested, HepG2, HT.29 and H157. HT.29 cell line was the most sensitive with IC 50 (concentration that inhibit proliferation by 50%) of 2.1 mg/ml followed by H157 and HepG2 cell lines with IC 50 of IC 50 4.1 and 5 mg/ml respectively as shown in Table 1 .
Measurement of cell surface modifications (externalization of PS)
Different cell lines responded differently to apoptosis induction. The externalization of PS was found to be concentration dependent. It was observed that HepG2 cell line was sensitive to the extract of C. miomboensis while H157 and HT.29 were resistant to some extent. A concentration of 2.5 mg/ml of the crude extract caused 50% of cell death of the HepG2 cell line; a similar concentration caused 25% of cell death of the HT.29 and H157 cell lines. The results are shown in Figure 1 .
Mitochondrial membrane potential (∆ψ) depolarization
Treatment of HepG2 cell line with 3 mg/ml of C. miomboensis resulted into time dependent mitochondrial membrane potential depolarization. Five different time points were used and after 6 hr incubation, 97% of the cells were depolarized as shown in Figure 2 .
ROS production
Reactive oxygen species (ROS) production varied among the three cell lines tested. In H157 cell line 50% of cells produced ROS while in HT.29 and HepG2 cell lines 5% and 4% of cells produced ROS, respectively as shown in Figure 3 . 4.1 mg/ml 2.1 mg/ml 5 mg/ml 
DISCUSSION
The in vitro screening approach was adopted in this study due to the fact that, for the last few decades, several in vitro assays using mammalian cell cultures have been developed (Buckle and Senders, 1990) , thus avoiding use of laboratory animals, which is expensive, time consuming and often involves ethical problems (Cetin and Bullerman, 2005) . Cell culture systems can be more sensitive and more reproducible than tests involving intact animals, they can be used in preliminary screening of toxicity of mycotoxins and elucidation of the modes of action of toxin at the biochemical level related to cellular organelles and are used as toxicity markers (Faller et al., 2002) . Cytotoxicity tests generally posses a broad spectrum of sensitivity and are able to detect many toxins which are potentially inhibitors of the biochemical activity of a variety of cultures of animals and human origin (Cetin and Bullerman, 2005) .
Previous investigations have demonstrated that the MTT bioassay is an alternative to assay that measure DNA replication based on 3 H-thymidine incorporation and thus avoids the necessity of handing radioactive materials (Ohno and Abe, 1991) . Nevertheless, the MTT bioassay has a better correlation with in vivo assay than the lactate dehydrogenase (LDH) assay previously reported by Faller et al. (2002) . Measurement of cell growth by MTT reduction in this study has correlated well with indices of cellular protein and viable cell number (Hanelt et al., 1998) . Cell inhibition proliferation varied among the cell lines used in this study. The most sensitive cell culture model to evaluate the cytotoxic effect of C. miomboensis was HT.29 with the concentration that kill 50% of the cells (IC 50 ) of 2.1 mg/ml. HepG2 was found to be less sensitive with IC 50 of 5 mg/ml. The results are comparable with the results reported by Cetin and Bullerman, (2005) where less sensitivity of HepG2 cells was observed in cytotoxicity tests of Fusarium toxin, zearalenone (ZEN).
One of the early events happening when a cell is undergoing apoptosis is the rapid flipping of the membrane phospholipid phosphatidylserine (PS) from inner to outer leaflet of the membrane (Fadok et al., 1992) . In the presence of APOPercentage TM dye this event allows the dye to enter and get trapped inside the intact cell membrane of the apoptotic cells (Biocolor, 2004) . When this stage has passed, no more of the dye enters the cell, and the dye, which has entered is trapped inside the intact cell membrane. This feature makes, the assay a useful detection and quantification tool to monitor the occurrence of apoptosis in vitro (Biocolor, 2004; Joyce et al., 2000) .
In this study, the externalization of membrane phospholipids phosphatidylserine (PS) by C. miomboensis crude extract was found to be dose dependent on mammalian cell lines H157, HT.29 and HepG2 tested. It was observed that 5 mg/ml of the crude extract was able to induce apoptosis characterized by translocation of PS molecules in all three cell lines tested. Results are consisted with biochemical characteristics of apoptosis that PS externalization is sensitive event during cascade of apoptosis (Cande et al., 2002) . Furthermore, it was observed that at lower concentration C. miomboensis extract induce apoptosis to 50% of HepG2 cell line and only 25% of HT.29 and H157 cell lines. This could be explained by the fact that the apoptotic signaling pathway for HepG2 is different from that of H157 and HT.29 cell lines (Chen et al., 2007) .
Mitochondrial outer membrane depolarization regulated by Bcl-2 family members is an integral event during apoptosis (Cory and Adams, 2002, Waterhouse et al., 2001) . Upon depolarization, the outer membrane become permeable, then cytochrome c is released to facilitate formation of the apoptosome and caspase activation and finally apoptosis takes place (Gill et al., 2006) . The crude extract of C. miomboensis was investigated in the present study for mitochondrial depolarization using HepG2 cell line. There was complete depolarization of mitochondrial membrane after 6 hr incubation period. It was further revealed after 2 hr more than half of the cells lost their mitochondrial membrane potential (Figure 2) . Results support observations from previous studies by Sreedhar and Csermely, (2004) , Waterhouse et al. (2001) that mitochondrial affected early during apoptotic process and they are thought to act as central regulators of cell death. Several pro-apoptotic signal transductions and damage pathways converge on mitochondrial to induce mitochondrial membrane permeabilization thereby triggering the release of potentially toxic mitochondrial proteins (Motadi et al., 2007) .
It is known that oxidative stress is implicated in a huge variety of natural and pathological processes, including apoptosis (Atsumi et al., 2006) . Cumulative evidence indicates that Reactive Oxygen Species (ROS) may play a role as trigger or signaling molecules in mitochondria death receptors and p53 modulated apoptosis (Nordberg and Arner, 2001) . In this sense, we studied the formation of intracellular ROS by C. miomboensis in HepG2, HT.29 and H157 cells lines. The results reported herein reveal that C. miomboensis induce about 50% of ROS in H157 and no ROS production was observed in HepG2 and HT.29 cell lines (Figure 3) . Results suggest that C. miomboensis might possess protective antioxidant properties. However, as described above, the strain induced ROS production in the H157 cell line. Thus, the active components in this strain might serve as mediators of the reactive oxygen scavenging system and have the potential to act as a prooxidant and an antioxidant depending on the redox state of the cell line. Such dual property of antioxidants has also been previously reported by other workers in the field (Chen et al., 2007; Kurosumi et al., 2007) .
In this study, it was demonstrated that C. miomboensis is able to induce apoptosis in cancer cell lines. Since one of the most promising targets for cancer therapy is apoptosis, C. miomboensis could be potential sources of novel anticancer drug leads.
Conclusions
These results are presented to draw attention to miombo forest fungi such as C. miomboensis, studies are needed to domesticate and promote human consumption of this forest fungus. To determine common or several functional pathways in which apoptosis is being induced by C. miomboensis. Furthermore, there is need for follow up studies to purify and conduct chemical studies on C. miomboensis extract whose potential has been uncovered in this study.
